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FORWORD 

In  its  1985  report  to  the  International  Joint  Commission  (IJC) ,  the  Great  Lakes 
Water  Quality  Board  recommended  that  the  appropriate  jurisdictions  prepare  and 
submit  detailed  Remedial  Action  Plan  (RAPs)  for  the  restoration  of  beneficial 
uses  of  42  identified  "Areas  of  Concern"  on  the  Great  Lakes  system.  Collingwood 
Harbour  is  one  of  the  "Areas  of  Concern. 

The  process  of  developing  a  RAP  for  Collingwood  Harbour  was  initiated  in  1986 
with  the  formation  of  a  Federal/Provincial  RAP  team  to  oversee  preparation  of 
the  RAP. 

The  RAP  team  in  its  March  1989  Stage  I  report  defined  restrictions  on  dredging 
as  an  impairment  of  Collingwood  Harbour  beneficial  uses.  This  technical  report 
provides  further  information  on  the  biological  significance  of  trace  metals  and 
PCBs  in  sediment  that  are  at  concentrations  that  exceed  the  Ontario  Ministry  of 
the  Environment  dredging  guidelines  for  open  water  disposal  of  dredged  materials. 
In  developing  remedial  options  for  sediment  further  site-specific  biological 
assessment  was  required.  This  report  presents  the  results  of  chronic  sublethal 
toxicity  tests  conducted  on  Collingwood  Harbour  sediment  and  sediment  core 
chemistry. 

It  should  be  noted  that  this  report  is  only  intended  to  serve  as  a  background 
reference  document.  It  provides  useful  information  that  will  assist  the  RAP  team 
and  the  public  in  evaluating  options  and  in  ultimately  defining  a  remedial  action 
plan  for  the  harbour.  The  results  will  be  incorporated  into  the  Stage  II  report 
for  the  Collingwood  Harbour  RAP. 


1     SUMMIRY: 

in  1986  sediment  bioassays  using  mayfly  nymphs  (Hexagenia  limbata)  and  juvenile 
fathead  mmnovs  (PimepMles  RroMiM)  demonstrated  that  sediment  from  Collingwood 
Harbour  was  not  lethal  during  acute  exposure  intervals  (MOE  1989).  In  a  limited 
number  of  samples  lead  residues  in  bioassay  organisms  were  elevated  relative  to 
control  organisms,  resident  infauna,  and  introduced  mussels.  The  potential  for 
chronic  sublethal  toxicity  was  apparent.  It  was  unclear  as  to  whether  the 
elevated  lead  levels  m  the  absence  of  toxicity  were  due  to  artifacts  associated 
with  bioassay  design,  or  whether  sublethal  toxicity  was  a  potential  threat  to 
benthic  organisms. 

In  November  1988  sediment  collection  was  repeated  and  bioassay  design  revised 
in  order  to  address  several  hypotheses.  The  primary  hypothesis  was  that  deeper 
sediment  could  be  more  contaminated  than  surficial  sediment  so  that  organisms 
exposed  to  sediment  m  the  laboratory  that  included  deeper  materials  were  in  fact 
exposed  to  higher  metal  concentrations  than  in    situ.  An  alternate  or 

additional  hypothesis  was  that  the  organisms  used  in  the  bioassays  were  not 
sufficiently  sensitive  for  the  detection  of  nonlethal  effects  of  contaminants. 
The  1988  study  examined  the  combined  importance  of  bioassay  duration,  organism 
sensitivity,  and  surficial  (as  opposed  to  bulk)  sediment  chemistry  for  three 
endpoints;  growth,  mortality  and  bioaccumulation.  In  addition,  cores  were 
collected  to  a  depth  of  18-20  cm  and  analyzed  at  2  cm  intervals  to  reveal  whether 
chemical  gradients  were  apparent  in  the  sediment. 

concurrent  with  these  studies,  additional  sediment  was  collected  in  proximity 
to  the  confined  disposal  facility  and  the  shipyard's  property,  aimed  at  revealing 
the  presence  or  absence  of  chemical  gradients  from  these  two  potential  sources. 

sediment  collected  at  the  shipyards  had  concentrations  of  Zn  and  Pb  that  would 
be  of  concern  if  this  material  was  acting  as  a  source  to  the  harbour.  While  the 
sediment  appears  to  be  contained,  any  activity  that  would  result  in  the 
remobilization  of  this  material  should  be  discouraged. 


Sediment  bioassays  using  sensitive  endpoints  indicate  no  impacts  of  harbour 
sediment  on  the  biota  as  measured  by  mortality  and  growth.  The  elevated  Pb 
residues  measured  in  the  1986  bioassays  were  not  observed  in  this  study.  Tissue 
residues  of  Pb  and  other  contaminants  were  comparable  to  concentrations  observed 
in  organisms  collected  from  lakes  remote  from  contaminant  sources.  No 
significant  mortality  occurred,  and  mayfly  and  fathead  minnow  growth  in  harbour 
sediment  equalled  or  exceeded  that  of  controls.  This  information,  coupled  with 
1986  field  observations  on  tissue  residues  in  native  benthic  invertebrates, 
sculpins,  sport  fish  and  introduced  biomonitors  (mussels)  provide  multiple  lines 
of  evidence  that  support  the  conclusion  that  concentrations  of  biologically 
available  trace  metals  in  Collingwood  Harbour  sediment  are  not  of  toxicological 
significance. 
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2     IMTRODDCTIOM: 

In  1986,  sediment  bioassays  using  mayfly  nymphs  (Hf  jnia  limbata)  and  juvenile 
fathead  minnows  (Pimephales  promelas)  demonstratec  cnat  sediment  from  the  Harbour 
was  not  lethal  during  acute  exposure  intervals  {MOE  1989) .  In  a  limited  number 
of  samples,  however,  lead  residues  in  bioassay  organisms  were  elevated  relative 
to  controls,  resident  infauna,  and  introduced  mussels.  While  acute  toxicity  was 
not  of  concern,  the  question  of  elevated  Pb  residues  in  test  organisms  and 
potential  for  chronic  sublethal  toxicity  was  apparent.  Due  to  the  bioassay 
protocol  used  at  that  time,  it  was  unclear  as  to  whether  the  apparently  anomalous 
results  were  due  to  artifacts  associated  with  the  test,  or  whether  sublethal 
toxicological  properties  of  the  sediment  were  a  potential  threat  to  benthic 
organisms. 

In  November  1988  sediment  collection  was  repeated  and  bioassay  design  revised 
in  order  to  address  several  hypotheses,  as  follows: 

The  1986  sediment  bioassay  was  conducted  using  bulk  sediment,  that  is,  the 
entire  contents  of  replicate  ponar  grabs  were  homogenized  and  air  sieved 
through  a  2  mm  mesh  prior  to  bioassay  assembly.  Tests  run  with  surficial 
sediment  could  yield  different  responses. 

(a)  The  first  hypothesis  was  that  deeper  sediment  could  be  more 
contaminated  than  surficial  sediment.  If  this  was  the  case,  native 
infauna  and  introduced  biomonitors  would  be  exposed  to  cleaner 
sediment  than  were  bioassay  organisms. 

The  1986  bioassay  organisms  were  second  year  old  mayfly  nymphs  and  4  to 
5  month  old  juvenile  fathead  minnows,  the  latter  weighing  approximately 
one  gram  wet  weight  per  individual.  Tests  were  run  as  10  day  static  beaker 
tests  with  mortality  and  bioaccumulation  as  the  endpoints. 


(b)  An  alternate  or  additional  hypothesis  was  that  by  using  organisms 
at  this  stage  of  development,  the  bioassays  were  not  sufficiently 
sensitive  to  detect  nonlethal  effects  of  contaminants. 

(c)  In  addition,  a  nonlethal  endpoint  such  as  growth  has  been  shown  to 
be  a  more  responsive  indicator  of  toxicity  than  mortality.  Inclusion 
of  this  endpoint  was  considered  to  be  advantageous. 

The  1988  study  examined  the  combined  importance  of  bioassay  duration,  organisms 
sensitivity,  and  surficial  as  opposed  to  bulk  sediment  chemistry  for  three 
endpoints;  growth,  mortality  and  bioaccumulation. 

A  second  component  to  the  study  was  to  investigate  contaminant  profiles  in 
sediment. 

(a)  Sediment  cores  were  sectioned  to  a  depth  of  18-20  cm  and  analyzed 
at  2  cm  intervals  to  reveal  whether  chemical  gradients  were  apparent. 

(b)  Additional  sediment  collections  in  proximity  to  the  confined  disposal 
facility  and  the  Shipyard's  property  were  aimed  at  revealing  the 
presence  or  absence  of  chemical  gradients  from  these  two  potential 
sources. 


3     HATERIALS  AND  METHODS 

3  .1 Sediment  bioassays 

A  21  day  static  sediment  bioassay  was  conducted  using  mayfly  nymphs  and  juvenile 
fathead  minnows.  Growth,  mortality,  and  bioaccumulation  of  trace  metals  and  PCBs 
was  recorded.  A  Ministry  of  the  Environment  protocol  (Lomas  and  Krantzberg  1988) 
was  modified  to  increase  exposure  duration  and  to  include  more  sensitive  life 
stages  and  endpoints,  thus  providing  for  the  measurement  of  sediment  toxicity 
and  demonstration  of  contaminant  transfer  from  sediment  to  benthos  and  water 
column  organisms,  if  this  phenomenon  was  to  occur. 

Bioassays  were  conducted  on  sediment  from  each  of  the  stations  (Figure  1) .  Bulk 
and  surficial  sediment  was  collected  by  Ponar  grab.  The  surface  5  cm  was  removed 
from  each  grab  using  acid-washed  polyethylene  spoons  or  glass  beakers.  Ten 
litres  of  bulk  or  surficial  sediment  were  placed  in  plastic  lined  collection 
buckets  which  were  then  sealed,  kept  cold  in  the  field,  and  stored  at  4  C  for 
a  maximum  of  two  weeks.  Intact  sediment  cores  were  retrieved  by  SCUBA  divers 
using  acid-washed  and  hexane-  and  distilled  water-rinsed  acrylic  cores  of 
comparable  diameter  to  the  test  beakers. 

In  the  laboratory,  sediment  was  air-sieved  through  a  2  mm  mesh  to  remove  large 
particles,  stones  and  other  debris,  and  was  then  thoroughly  homogenized.  For 
the  bulk  and  surficial  sediment  bioassays,  2  L  glass  widemouth  jars,  acid  washed 
and  hexane  rinsed,  were  filled  to  a  depth  of  3  cm  with  sediment  (surface  area 
=  100  cm').  Dechlorinated  water  was  gently  added  at  a  ratio  of  4:1  water  to 
sediment  (v:v) .  Care  was  taken  to  avoid  having  sediments  adhere  to  the  glass 
above  the  3  cm  level.  Resuspended  sediment  was  allowed  to  settle  for  24  hours, 
after  which  the  overlying  water  was  aerated  for  1  hour  by  inserting  airlines 
through  the  lids  of  the  glass  jars  and  securing  the  lids  in  place.  Water  loss 
due  to  evaporation  was  replaced  as  necessary  in  order  to  maintain  a  water  to 
sediment  ratio  of  4:1.  pH  and  dissolved  oxygen  in  the  overlying  water  were 
■OQitored  routinely  for  the  duration  of  the  experiment. 

For  the  intact  cores,  overlying  water  was  removed  by  siphon  and  replaced  with 
dechlorinated  tap  water.  This  enhanced  comparability  with  the  beaker  experiments 


and  eliminated  the  potential  for  source  water  to  act  as  a  contributor  to 
toxicity,  thereby  confounding  the  determination  of  sediment  as  a  source  of 
contaminants. 

Organisms  for  the  experimental  bioassays  were  three  to  four  month  old  juvenile 
fathead  minnows  (Pimephales  promelas)  (acquired  from  Ministry  of  the  Environment 
Rexdale  laboratory  cultures)  weighing  approximately  0.5  gm  wet  weight  and  first 
year  mayfly  nymphs  (Hexagenia  limbata)  weighing  about  30  mg  wet  weight,  collected 
at  a  clean  reference  site  (Honey  Harbour,  Georgian  Bay,  Ontario) . 

Several  hours  prior  to  experimental  exposure,  mayflies  were  removed  from  their 
holding  aquaria  by  sieving  small  volumes  of  sediment  through  a  500  urn  mesh. 
Nymphs  were  randomly  allocated  to  beakers  containing  dechlorinated  water  until 
each  beaker  had  10  individuals  of  similar  size  (c.a.  30  mg/  individual,  wet 
weight).  The  nymphs  were  weighed  after  blotting  them  on  several  layers  of  "Kim 
Wipes"  or  acid  rinsed  filter  papers  to  remove  adhering  water.  Similarly, 
juvenile  fathead  minnows  were  randomly  allocated  to  beakers  containing 
dechlorinated  water  until  each  beaker  had  10  individuals  of  similar  size  (c.a. 
0.5  gms/individual,  wet  weight)  .  Wet  weight  of  each  group  of  10  individuals  was 
measured. 

Triplicate  jars  of  each  bioassay  organism  were  assembled  and  organisms  were  added 
when  24  hours  of  settling  followed  by  1  hour  of  aeration  had  elapsed.  Aeration 
persisted  for  the  duration  of  the  21  day  exposure  interval.  All  control  and  test 
jars  were  maintained  at  20  C  by  the  use  of  a  water  bath  and  experiments  were 
conducted  at  ambient  light. 

During  the  21  day  bioassay  period  mortality  was  noted  and  dead  organisms  were 
removed.  At  day  21  organisms  were  removed  from  the  bioassay  jars  by  passing 
the  entire  contents  of  each  jar  through  a  500  um  sieve  and  retrieving  the  biota. 
Recoveries  were  noted  and  the  remaining  organisms  were  reweighed  and  measured 
using  the  procedure  described  above. 


Where  biomass  was  insufficient  for  metal  analysis,  the  biota  for  the  triplicate 
beakers  were  pooled.  Minnows  and  mayflies  were  not  pooled  together.  Sediment 
from  Honey  Harbour,  from  which  the  mayflies  were  collected,  and  a  station  in 
Nottawasaga  Bay  were  used  for  controls.  Mortality  of  organisms  in  control 
sediment  was  not  to  exceed  10%,  a  value  widely  recognized  in  the  literature  as 
sufficiently  low  to  account  for  organism  damage  due  to  handling,  and  not 
necessarily  indicative  of  toxicity. 

3.2 Sediment  core  profiles; 

Cores  were  collected  from  two  of  the  bioassay  stations  (stations  20  and  21)  and 
sectioned  in  2  cm  intervals  for  metal,  nutrient,  and  physical  analysis  according 
to  Ontario  Ministry  of  the  Environment  standard  protocols  (MOE  1983)  .  In 
addition,  sediment  from  one  transect  of  4  stations  in  the  vicinity  of  the 
Canadian  Shipyard's  dry  docks  and  sediment  from  one  transect  of  5  stations  around 
the  perimeter  of  the  confined  disposal  facility  were  cored  to  determine  the 
extent  to  which  contaminants  were  retained  within  both  these  structures  (Figure 
1) .  These  were  sectioned  following  visual  inspection  according  to  distinct 
observable  layers. 


4     RESULTS 

4.1 Sediment  bioassays 

Mortality 

Collingwood  Harbour  sediment  was  not  lethal  to  mayfly  nymphs  (Hexagenia  limbata) 
or  to  juvenile  fathead  minnows  (Pimephales  promelas) .  Mayfly  mortality  ranged 
from  0  to  13%  (Table  1)  and  there  was  no  apparent  pattern  with  respect  to 
bioassay  design.  No  fathead  minnow  mortality  was  observed.  Analysis  of  variance 
revealed  that  values  were  not  significantly  different  from  10%,  a  value  which 
current  protocols  have  set  as  acceptable  for  control  mortality. 


Table  1:    Mayfly  mortality  (%)  in  sediment  bioassays  conducted  using  surficial 
sediment,  bulk  sediment,  and  intact  sediment  cores  {n.a=not 
applicable) . 


STATION             SURFICIAL 

BULK 

INTACT  CORES 

SEDIMENT 

SEDIMENT 

HONEY  HARBOUR  (control 

0 

n.a. 

n.a. 

NOTTAWASAGA  BAY  (387) 

10 

n.a. 

n.a. 

20  (Collingwood  Harbour) 

3 

13 

13 

21  (Collingwood  Harbour) 

7 

7 

7 

Growth; 

At  station  21,  mayflies  gained  more  weight  in  the  intact  sediment  cores  than  in 
the  bulk  and  surficial  sediment.  Biomass  differences  were  not  significant  at 
station  20  (Figure  2).  In  general,  fathead  minnows  tend  to  lose  weight  in  this 
static  beaker  design  of  the  sediment  bioassay  since  food  is  withheld  and 
nutrients  can  only  be  acquired  via  sediment  ingestion  (Krantzberg  1990) . 
Nevertheless,  for  station  21  fathead  minnows  maintained  their  weight  in  the 
intact  sediment  cores  and  analysis  of  variance  (ANOVA)  confirmed  that 
significantly  less  weight  was  lost  in  station  20  core  tube  exposures  compared 


to  controls  and  to  other  treatments  (Figure  3) .  All  other  treatments  resulted 
in  biomass  loss  that  did  not  differ  significantly  from  controls  (p  >  0.05) . 

Bioacciuiulation 

Few  differences  were  observed  in  tissue  concentrations  of  trace  metals  in 
mayflies  or  fathead  minnows  as  a  function  of  exposure  to  bulk,  surficial,  or 
intact  sediment  (Table  3,4).  PCB  residues  in  bioassay  organisms  were 
consistently  lower  in  intact  core  treatments  than  in  the  bulk  and  surficial 
sediment  treatments  (Table  3,  4).  Lead  concentrations  in  mayflies  were  variable 
and  exceeded  those  of  controls,  however,  the  elevated  concentrations  measured 
in  the  1986  bioassay  at  these  stations  were  not  reproduced.  Lead  concentrations 
of  1  to  3  ug.g''  wet  weight  are  comparable  with  the  resident  infauna  tissue 
residues  measured  in  1986  (4-5  ug.g"')  and  are  lower  than  values  which  have 
been  observed  for  remote  shield  lakes  (Krantzberg  and  Stokes  1988) .  Lead 
concentrations  of  0.5  -  3.0  ug.g''  wet  weight  in  fathead  minnows  were  within  the 
range  observed  for  sculpins  collected  from  the  harbour  in  1986  (0.2  -  5.9). 

4.2 Sediment  core  profiles 

Bioassay  stations 

Lead  profiles  in  sectioned  cores  from  stations  used  in  the  bioassays  (Figure  4) 
showed  a  pronounced  augmentation  of  Pb  concentrations  with  depth  at  station  21. 
Copper  (Figure  5)  also  tended  to  increase  with  depth.  Other  metal  profiles  were 
fairly  stable  for  stations  20  and  21,  and  at  station  21,  total  phosphorus  and 
total  Kjeldahl  nitrogen  (TKN)  were  at  higher  concentrations  in  surficial  sediment 
and  decreased  with  depth  (Table  2).  Despite  its  proximity  to  the  Shipyards, 
at  station  21  Zn  was  only  marginally  above  the  Ontario  Ministry  of  the 
Environment's  draft  "lowest  effects  level"  of  120  ug.g"'.  The  lowest  effects 
level  for  Pb  is  31  ug.g"'.  This  is  the  concentration  at  which  at  least  95%  of 
the  biota  are  likely  to  be  protected,  based  on  a  basin  wide  analysis  of  the 
presence  of  organisms  in  comparison  with  sediment  chemistry. 


Transect  stations 

The  transect  locations  for  the  confined  disposal  facility  (CI  -  C5)  and  the 
Shipyards  (SI  -  S4)  are  illustrated  in  Figure  1.  No  tin  was  detected  in  sediment 
from  cores  collected  in  the  vicinity  of  the  Shipyard's  dry  docks.  Lead  and  Zn 
concentrations  in  some  of  the  sediment  cores  within  5Cm  of  the  of  the  Shipyard's 
concrete  walls  approached  the  draft  Ontario  Ministry  of  the  Environment  (MOE) 
"limit  of  tolerance"  guidelines  of  250  and  820  ug.g''  respectively  (Persaud  et 
al.  1990)  (Figure  6).  This  is  the  concentration  at  which  adverse  biological 
effects  are  highly  probable.  No  consistent  depth  gradients  were  apparent. 
For  each  element,  deeper  sediment  had  either  greater,  lesser,  or  comparable 
concentrations.  Note  that  station  21  is  in  the  vicinity  of  the  Shipyard's 
property  and  sediment  from  that  station  revealed  no  adverse  biological  impacts 
as  measured  by  growth  and  survival. 

At  some  stations  in  the  vicinity  of  the  confined  disposal  facility  (Figure  7) , 
total  organic  carbon,  total  phosphorus,  Cr,  Cu,  Pb,  Mn,  and  Zn  exceeded  the 
Ontario  Ministry  of  the  Environment  draft  sediment  guidelines  for  the  "lowest 
effects  level".  No  depth  gradients  were  detected.  Site  specific  biological 
testing  at  station  20,  in  proximity  to  the  transect  stations  and  of  comparable 
chemistry  found  no  effects  of  sediment  on  growth  and  survival. 

It  is  worth  recognizing  that  these  concentrations  (limit  of  tolerance,  lowest 
effects  level) ,  while  biologically  based,  rely  on  bulk  chemistry  collected 
across  the  entire  Great  Lakes  basin.  Due  to  the  uncertainty  surrounding  site 
specific  differences  in  physical,  chemical  and  biological  properties,  the  values 
are  acknowledged  to  be  guidelines  that  require  that  biological  effects  be 
confirmed  or  refuted  at  the  local  scale.  This  is  accomplished,  in  part,  through 
sediment  bioassessment. 


5     DISCUSSKMI 

Biologically  based  sediment  quality  guidelines  are  under  development  by  the 
Ontario  Ministry  of  the  Environment.  These  guidelines  will,  in  part,  provide 
the  basis  for  making  decisions  on  remedial  actions  (Persaud  et  al  199C)  .  The 
guidelines  identify  a  No-Effect  Level  (NEL) ,  a  Lowest  Effects  Level  (LED  at 
which  sediment  is  considered  as  having  the  potential  to  impair  the  aquatic 
environment,  and  a  Limit  of  Tolerance  (LOT)  level,  at  which  it  is  highly  likely 
that  a  sediment  will  have  significant  effects  on  biota.  When  bulk  chemistry 
exceeds  the  LEL,  the  draft  guidelines  recommend  that  biological  testing  be 
conducted.  This  is  due  to  the  fact  that  the  guidelines  were  derived  for  the 
Great  Lakes  basin  in  general  and  do  not  attempt  to  address  local  variations  in 
physical,  chemical  and  biological  properties  on  a  site  specific  basis.  In 
addition  there  is  considerable  uncertainty  surrounding  the  actual  biological 
effects  that  can  be  expected  based  on  bulk  chemical  concentrations  of 
contaminants  in  sediment.  The  chemical  values,  then,  can  be  viewed  as  indicators 
of  the  need  for  specific  assessment  and  remediation  requirements. 

The  use  of  biological  information  in  evaluating  sediment  is  crucial,  as  it  is 
well  recognized  that  the  susceptibility  of  biological  organisms  to  trace  metal 
contamination  varies  among  aquatic  environments.  Luoma  (1983),  Tessier  et  al 
(1984),  Campbell  et  al  (1987)  and  Krantzberg  (1989)  have  shown  that  an  important 
factor  in  metal  toxicity  is  the  manner  in  which  sediment  geochemistry  alters 
biological  availability  of  trace  elements.  Unfortunately,  the  interactions  among 
the  wide  array  of  biological  and  physicochemical  processes  which  govern  metal 
accumulation  and  subsequent  toxicity  are  not  understood  to  the  point  of  being 
moulded  into  predictive  models. 

While  research  continues  to  lead  to  improvements  in  methods  for  determining  metal 
distribution  among  biologically  important  and  biologically  inactive  sediment 
components,  and  continues  to  enhance  our  understanding  of  physiological  processes 
involved  in  metal  metabolism,  there  is  a  need  to  include  biological  assessment 
of  sediment  in  conjunction  with  chemical  measurements. 


Chapman  (1989)  has  recommended  that  an  integrated  strategy  for  sediment 
management  be  adopted  that  includes  criteria  based  on  biological  effects  observed 
both  in  the  laboratory  and  in  nature.  Similarly,  Van  de  Guchte  et  al  (1988) 
identify  a  suite  of  biological  test  methods  that  provide  an  integrated  approach 
to  the  determination  of  the  toxicological  qualities  of  sediment  contaminated  with 
a  variety  and  sometimes  unknown  chemicals. 

The  sediment  bioassays  conducted  in  this  study  provide  information  on  whether 
exceeding  the  LEL  for  some  parameters  is  of  toxicological  significance.  The  most 
sensitive  endpoint  in  the  Collingwood  Harbour  bioassays  was  the  growth  response 
of  mayfly  nymphs.  Growth  inhibition  bioassays  have  been  used  as  sensitive 
indicators  of  nonlethal  toxicity  in  chronic  bioassays  (Nebelcer  et  al.  1984, 
Powlesland  and  George  1986,  Brungs  et  al  1976,  Krantzberg  199(J) .  An  absence  of 
growth  inhibition  is  one  line  of  evidence  that  indicates  sediment  is  not 
eliciting  toxicity. 

Mayflies  and  fathead  minnows  exposed  to  Collingwood  Harbour  sediment  grew  as  well 
as  or  better  than  control  organisms.  In  particular,  the  intact  core  bioassays 
resulted  in  substantially  improved  growth  for  fathead  minnows.  The  same  was  true 
for  mayflies  at  station  21.  This  improvement  may  be  related  to  the  Pb  profile 
observed  in  station  21  sediment.  Deeper  sediment  had  higher  concentrations  of 
Pb  than  surficial  sediment.  Exposure  to  intact  surface  sediment  may  have 
improved  growth  due  to  exposure  to  lower  concentrations  of  Pb. 

The  1986  mussel  biomonitoring  and  analysis  of  native  benthic  invertebrates  (MOE 
1989)  support  the  laboratory  findings  on  toxicity  and  bioaccumulation.  No 
adverse  effects  of  sediment  on  biota  were  observed  in  the  1986  studies.  Tissue 
residues  in  bioassay  organisms  were  within  the  range  observed  in  native 
organisms,  and  were  within  concentrations  cited  in  the  literature  for 
uncontaminated  locations  (Timmermans  1989,  Tessier  et  al  1984,  Krantzberg  and 
Stokes  1988)  . 

The  sediment  collected  along  transects  at  the  CDF  was  of  a  chemical  nature 
comparable  to  sediment  at  station  2C.   As  a  result  of  the  physical  process 


1$ 


involved  in  filling  the  CDF,  a  limited  portion  of  dredged  sediment  can  be 
resuspended  during  the  removal  operation  and  settles  back  to  the  bed  sediment. 
Thus,  some  metals  may  be  found  at  higher  concentrations  adjacent  to  the  CDF  due 
to  the  process  of  CDF  filling.  Sediment  at  the  Shipyard's  property  has  Zn  and 
Pb  at  concentrations  that  approach  the  MOE  draft  sediment  guidelines  Limit  of 
Tolerance.  Metals  concentrations  in  the  sediment  at  station  21,  approximately 
10C  m  from  the  Shipyards  are  substantially  lower  than  those  within  5C  m 
suggesting  that  the  material  is  being  contained  at  the  Shipyard.  Sediment  at 
station  21  does  not  exert  observable  toxicity.  Nevertheless,  the  sediment  at 
the  Shipyards  property  could  pose  a  significant  threat  to  the  Harbour  ecosystem 
in  the  event  of  any  activities  that  would  require  removal  or  result  in 
resuspension  of  sediment.  Any  movement  of  this  sediment  could  be  achieved  safely 
if  appropriate  technology  is  employed. 
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6     CONCLUSIONS 

Sediment  samples  collected  at  the  Canadian  Shipyards  dry  docks  have 
concentrations  of  zinc  and  lead  that  would  be  of  particular  concern  if  this 
material  was  acting  as  a  source  to  the  harbour.  Sediment  at  station  21,  in  close 
proximity  to  the  Shipyard  property  does  not  elicit  measurable  toxicity.  While 
the  sediment  appears,  then,  to  be  contained,  any  activity  that  would  result  in 
remobilization  of  this  material  should  be  discouraged. 

Sediment  bioassays  using  sensitive  endpoints  indicate  no  of  observable  impacts 
of  harbour  sediment  on  the  biota.  The  elevated  lead  residues  measured  in 
organisms  in  the  1986  bioassays  were  not  observed  in  this  study.  Currently,  the 
significance  of  metal  residues  in  biota  to  organism  health  is  not  well  understood 
and  comparisons  of  tissue  residues  with  those  of  organisms  from  remote  locations 
is  a  first  step  to  evaluating  potentials  for  biological  effects.  In  the  case  of 
Collingwood  Harbour,  tissue  residues  of  contaminants  were  comparable  to 
concentrations  observed  in  organisms  colonizing  uncontaminated  sediment.  No 
significant  mortality  occurred,  and  mayfly  and  fathead  minnow  growth  in  harbour 
sediment  equalled  or  exceeded  that  of  controls. 

This  information,  coupled  with  1986  field  observation  on  native  benthic 
invertebrates,  sculpins,  sport  fish  and  introduced  biomonitors  (mussels)  provides 
multiple  lines  of  evidence  that  support  the  conclusion  that  concentrations  of 
biologically  available  trace  metals  in  Collingwood  Harbour  sediment  are  not  of 
toxicological  significance. 
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GLOSS A£7 


acute 
Al 

ANOVA 

benthic 

benthos 

bioassay 

bioaccumulation 

bioavailable 

biomonitor 

chronic 

core 

Cr 

Cu 

endpoint 

Fe 

geochemistry 

infauna 

in  situ 

Mn 

native 

Ni 

nonlethal 

P 

Pb 

physicochemical 

Ponar  grab 

Sn 

static 

TKN 

transect 

Zn 


short  term  exposure 

aluminum 

a  statistical  procedure 

bottom,  as  in  the  bottom  of  a  lake 

organisms  living  at  the  bottom  of  a  water  body 

biological  testing  a  specific  substance 

accumulation  of  a  substance  by  an  organism 

a  property  that  enables  a  substance  to  bioaccumulate 

an  organism  used  to  monitor  for  environmental  conditions 

extended  exposure  duration 

a  sediment  sample  that  is  collected  in  a  vertical  tube 

chromium 

copper 

measured  response  at  the  termination  of  the  bioassay 

iron 

geological  and  chemical  properties  of  a  material 

organisms  that  live  in  sediment 

in  the  environment,  in  nature 

manganese 

an  indigenous  organism 

nickel 

not  causing  death 

phosphorus 

lead 

physical  and  chemical  properties  of  a  substance  or  environment 

a  device  for  retrieving  sediment 

tin 

as  in  static  beaker  test:   no  water  circulation  or  renewal 

a  measure  of  biologically  reactive  nitrogen 

a  line  or  row  of  sampling  stations 

zinc 
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